It has previously been shown'5120 that although certain groups of microorganisms are characterized by the capacity to produce antibiotic substances, great variation may be found in the quantitative production of the specific substance among the strains within each group. Aside from the natural variation of a group of organisms to bring about a certain physiological reaction, this phenomenon is markedly influenced by three environmental and nutritional factors: (1) the composition of the medium, especially the presence of peptones, carbohydrates and certain growth-promoting or other nutritional substances;17 (2) conditions of growth, notably aeration and temperature of incubation-some strains grow better in stationary cultures, where they usually produce a surface pellicle, whereas others grow best in submerged and agitated cultures, in the form of suspended colonies or masses of cell material throughout the medium; and (3) changes in the composition of the medium produced by different strains of the same organism-some strains of Aspergillus clavatus, for example, change the reaction of the medium to alkaline, rather than to acid, thus favoring the rapid destruction of the antibiotic substance clavacin. 20 The fact that many microorganisms produce more than one antibiotic substance and the fact that the activity of these substances is measured by a single biological method, based upon their selective antibacterial activity in artificial culture media against a single test organism, often tend to introduce further confusion in the interpretation of the results obtained. The following two illustrations will suffice: (1) The Penicillium notatumchrysogenum group of fungi produce penicillin, a relatively non-toxic compound highly active against gram-positive bacteria, and a protein that functions as a glucose-oxidase and that exerts an antibacterial action only in the presence of glucose and other carbohydrates. This often tended to confuse the isolation and characterization of penicillin, especially when media used ' for the testing of the antibiotic substance contained glucose.8,', 3 (2) The A. fumigatus group of fungi produce, in addition to the pigment fumigatin and the non-nitrogenous and sulfur-free fumigacin, 8 also the nitrogen and sulfur-containing gliotoxin.'0" 6 The presence '8 or absence3 of a small amount of gliotoxin admixed with the fumigacin crystals led to its characterization as a different compound.
Another series of complications in the study of antibiotic substances arose from the fact that the same substance may be produced by different fungi. Thus, the designation of a single compound as clavacin, claviformin, patulin and clavatin is based either upon the insufficient characterization of the crude vs. the crystalline compounds or upon its production by different types of fungi.12 7"14. It is now fairly well established that penicillin or penicillin-like compounds are produced by a large number of different fungi, belonging not only to different species but even to different genera. In spite of this, the substance formed by members of the A. flavus group and by different species of Penicillium has not only been given different designations (flavicin,2 flavacidin,9 gigantic 'acid", parasiticin4a) but synonyms have already been piled upon synonyms, with such additional ones as aspergillin and flavatin.
Some of the groups of fungi-producing antibiotic substances show extreme variability in this respect; here belong A. clavatus and A. flavusoryzae, discussed previously,'9"5 and P. notatum-chrysogenum, the subject of this paper. Different strains obtained from different substrates and, in many instances, isolated from the same mother culture show distinct physiological differences that influence not only the abundance, but often the very nature, of the antibiotic substances produced. 4'6 Strains Used.-In the following investigations on the production of penicillin and penicillin-like substances by different fungi, 17 cultures were used. These comprised 13 Conditions of Culture.-Three different methods. were used for the cultivation of these fungi and for the production of penicillin; namely, the liquid stationary, the liquid submerged, and the deep agar-tube methods. In the first, the medium, consisting of a modified Czapek-Dox broth, with brown sugar in place of glucose, and supplemented with corn steep liquor1617 and CaCO3, was placed in Erlenmeyer flasks to a depth of about 1 to 1.5 cm.; the flasks were incubated at about 22°C. for varying periods of time. In the submerged culture, the medium was placed, in 100-ml. portions in 250-ml. flasks, in a shaking machine, and incubated at 28°C. In the third method,19 a medium similar to the above, but supplemented with 2 per cent agar, was placed in 20-ml. portions in test tubes, measuring 18 X 140 mm., and the tubes were inoculated at the surface.
Methods of Testing.-Three different methods were used for testing the antibiotic activity of the cultures: (1) the dilution method, using the streak agar plate,2 with Staphylococcus aureus or Bacillus subtilis as test organism; (2) the agar diffusion or cup method with B. subtilis as the test organism; (3) the agar tube method, '9 the activity of the first reached a higher maximum, it tended to disappear more rapidly than that of the second. Bacteriostatic spectra of the two culture filtrates were made after 5 days' incubation, when the activity of both was at a maximum, and found to be identical, corresponding to that of isolated penicillin. The usefulness of the agar tube method for making rapid comparisons of the production of penicillin by different fungi, as well as for studying the effect of the composition of medium and conditions of growth upon this reaction, is illustrated in table 3. When the Czapek-Dox medium was used, No. 136 showed no activity at all; however, in brown-sugar media it proved to be as efficient as two of the best P. notatum strains (Nos. 41, 50). On the other hand, No. 161, which was nearly as good as the P. notatum strains when grown in the synthetic medium, proved much inferior in the corn steep media.
COXPOSMON OF XBDIUM--------------------
A comparison of the production and diffusion of penicillin by a larger number of cultures of fungi by the agar tube method is recorded in table 4. Some of the strains that gave rather inferior results in liquid media proved to be excellent producers of penicillin in the agar medium. Number 41, for example, gave virtually no activity in either submerged or stationary cultures, as shown in table 2, but gave excellent activity in the agar culture. Number 46 that gave only low activity in liquid media gave as high activity as the best strain, 7813. These results thus serve to emphasize that the strain of the organism, the conditions of growth and the composition of the medium are the three essential factors in the production of penicillin.
Discussion.-The production of penicillin is not limited to any one species of fungi or even to the genus Penicillium. Different species and different The so-called "special homologies" were introduced as useful tools1 in the topology of finite cyclic transformation groups. Up to the present they have found no application in connection with non-cyclic groups. The following remarks indicate, however, that such applications do exist.
Let K be a finite simplicial complex and let Z = I t ) be a group of regular' simplicial homeomorphisms of K into itself. Let G be an additive VOL. 30, 1944 
